Claisen condensation of ethyl isonicotinate with different acetophenones gave the corresponding pyridyl-b-diketones, while the treatment with hydrazine hydrate yielded 3,5-disubstituted-1H-pyrazoles, which then converted 1,3,5-trisubstituted-pyrazole derivatives containing a pyridyl moiety by N-acylation with acyl chloride. The structures of all newly synthesized compounds are established by FTIR, 1 H NMR, mass spectroscopy and elemental analysis, and in the case of compound 2e, analyzed by single-crystal X-ray diffraction further. The anti-microbial activities of the title compounds have been tested by disc diffusion method against Escherichia coli, Staphylococcus aureus, Pyricularia oryzae and Rhizoctnia solani. The results showed that compounds 3c and 4c exhibited good inhibitory activity against all the tested organisms.
INTRODUCTION
Pyrazole derivatives are an interesting class of organic compounds, which are found to be associated with diverse pharmacological properties such as antimicrobial [1, 2] , anti-inflammatory [3] , antihypertensive [4] , antidepressant [5] , antiviral [6] and anticancer [7] activities. The synthesis and applications of these compounds have received considerable attention in recent years [8] [9] [10] . In addition, the pyridyl ring is also a prominent heterocyclic scaffold in lot of bioactive molecules. Many pyridine-based compounds have been reported to exhibit versatile bioactivities, such as insecticidal, fungicidal, anticancer and antibacterial activities [11] [12] [13] . Keeping this in view, we choose the pyridyl ring as one of the aryl substituents about the central pyrazole ring to synthesize a series of new 1,3,5-trisubstituted-pyrazole derivatives containing a pyridyl moiety. Herein we synthesized some novel 1-acyl-3-(4-pyridyl)-5-aryl-pyrazole derivatives and presented the initial results of anti-microbial activities against Escherichia coli, Staphylococcus aureus, Pyricularia oryzae and Rhizoctnia solani of the title compounds.
RESULTS AND DISCUSSION

Chemistry
The synthesis of 1,3,5-trisubstituted-pyrazole derivatives is conducted as outlined in Scheme 1. The pyridyl-b-diketones 1a-e were prepared via Claisen condensation of the required methyl ketones with ethyl isonicotinate in benzene using sodium amide as the condensing agent. The structures of 1a-e were established under the basis of their elemental analysis and spectral data. Their 1 H NMR spectra exhibited the single peaks at d = 4.60-4.68 attributed to the keto-CH 2 protons, the single peaks at d = 6.83-6.93 assigned to the vinylic protons in enol and the single peaks at d= 16.52-16.68 due to the enolic OH protons. The IR spectra data also demonstrated the presence of the C=O and enolic C=C stretching vibrations at 1600-1591 cm -1 and 1545-1511 cm -1 in the pyridyl-b-diketones, respectively.
Treatment of the pyridyl-b-diketones 1a-e with hydrazine monohydrate in refluxing ethanol for 3h gave the 1H-pyrazoles 2a-e. The IR spectra for compounds 2a-e displayed the typical bands of the N-H stretching vibrations at 3135-3115 cm -1 and their 1 H NMR spectra exhibited the single peaks at d = 6.85-7.00 due to the 4-position protons of 1H-pyrazoles, but the N-H resonance of the pyrazole ring were not observed in CDCl 3 . This is in agreement with the result in the literature [14] . In the case of 2e, the structure was additionally solved by single-crystal X-ray diffraction. There are two molecules (A and B) in the asymmetric unit in the crystal structure. The labeled displacement ellipsoid plots of these two molecules are shown in Fig. 1 . The comparison between molecule (A) and molecule (B) shows no significant differences in bond lengths and bond angles. However, their torsion angles and dihedral angles between the phenyl ring and pyrazole ring exhibit some differences in the molecules. The torsion angles C6-C1-C7-C8, C2-C1-C7-C8, C6-C1-C7-C12, C2-C1-C7-C12,  C11-C10-C15-C13 and C9-C10-C15-C13 are -C26-C27-C28, C25-C26-C27-C28, C21-C26-C27-C32, C25-C26-C27-C32, C31-C30-C33-C34 and C29-C30-C33-C34 The title compounds 3a-e and 4a-e were obtained by N-acylation of the 1H-pyrazoles 2a-e with acyl chloride in the presence of triethylamine. Their structures were confirmed by elemental analysis, FTIR, 1 H NMR and mass spectroscopy. Their IR spectra showed the absorption bands at 1740-1710 cm ) for these compounds were observed in accordance with the Nitrogen Rule. The mass spectra of the title compounds were compared to confirm elemental compositions.
Anti-microbial activity
The screening results of in vitro anti-microbial activities of compounds 3a-e and 4a-e are summarized in Table 1 . All test data were the average values from triplicate runs. It is obvious from the data that these compounds possess inhibitory activities to a certain degree against the tested microorganisms. It was observed that compounds 3c and 4c exhibited much higher activities against Escherichia coli, Staphylococcus aureus, Pyricularia oryzae and R. solani among all synthesized compounds, but compounds 3d and 4d revealed much lower activities. By the preliminary structure-activity relationship analysis, it was concluded that compounds 3a-e had slightly better anti-microbial activities than compounds 4a-e attributed to the strong electron-withdrawing property of the N1 acetyl group in the pyrazole nucleus [15] . Especially, the pyrazole derivatives with 4-fluorophenyl moiety at 5-position of the pyrazole ring showed potent anti-microbial activities against the tested microorganisms, being significantly higher than the rest (R = phenyl, 4-methylphenyl, 4-methoxyphenyl and 4-phenylphenyl). As a result, it indicated that the electronic nature of the substituent groups at para positions in the phenyl ring played a significant role in anti-microbial activities.
Fig. 1
View of compound 2e with the atom-labeling scheme and 50% probability displacement ellipsoids. 
CONCLUSIONS
In conclusion, a series of new 1,3,5-trisubstituted-pyrazole derivatives containing a pyridyl moiety were synthesized by Claisen condensation, cyclization and N-acylation and their structures were characterized by FTIR, 1 H NMR, MS spectroscopy and elemental analysis. The anti-microbial activities of these compounds were evaluated against Escherichia coli, Staphylococcus aureus, Pyricularia oryzae and Rhizoctnia solani. The results showed that these compounds showed certain degree of anti-bacterial and anti-fungal activities and compounds 3c and 4c were much higher active against the organisms employed among all synthesized compounds. Thus, this study provides a lead for synthesis and evaluation of more pyrazole derivatives for anti-microbial activity as the same could lead to the discovery of some potential agents.
EXPERIMENTAL
Melting points were determined using X-4 digital melting point apparatus and are uncorrected. Infrared spectra were recorded on a Nicolet FTIR 5700 spectrophotometer with KBr pellets. The 1 H NMR spectra were measured on an advance III TM 300 MHz NB Digital NMR spectrometer in CDCl 3 solution with TMS as internal standard. Electrospray ionization mass spectra (ESI-MS) were performed with a Finnigan LCQ Advantage Max spectrometer. The elemental analysis (C, H, N) was carried out on a Perkin-Elmer 2400 elemental analyzer. Reagents were of analytical grade and were used without further purification.
Typical procedure for the synthesis of the pyridyl-b-diketones
To a suspension of sodium amide (1.4 g, 36 mmol) and ethyl isonicotinate (6.65 g, 44 mmol) in benzene (50 mL), A solution of the aryl methyl ketones (22 mmol) in benzene was added dropwise under stirring at 50 °C. The reaction mixture was refluxed for about 7 h until the dark yellow product precipitated. The precipitate was filtered off and washed with 5 % acetic acid until pH = 6. The crude products were recrystallized from ethanol (95 %) to give the pyridylb-diketones (1a-e).
4. 
Typical procedure for the synthesis of the 1H-pyrazoles
Hydrazine hydrate (6.0 mmol) was added dropwise to a solution of the required pyridyl-b-diketone (5.0 mmol) in 30 mL absolute ethanol under stirring and the mixture was refluxed at 78 o C for 3h. Then the mixture was cooled to room temperature and the solvent was removed by evaporation under reduced pressure to form a precipitate. The precipitate was recrystallized from ethanol (95 %) to obtain the 1H-pyrazoles (2a-e). 
Typical procedure for the synthesis of the1-acetyl-pyrazoles
Acetyl chloride (4.0 mmol) was added dropwise to a mixture of the corresponding 1H-pyrazoles (2.0 mmol) and triethylamine (4.0 mmol) in 20 mL THF. The mixture was refluxed for 5h until the precipitate was formed. The precipitate was filtered and the filtrate was concentrated to obtain a solid product. The solid was recrystallized from ethanol-cyclohexane (1:1) to give the 1-acetyl pyrazoles (3a-e). 
Procedure for anti-microbial activity
The synthesized compounds (3a-e and 4a-e) were screened for their in vitro antibacterial activity against Escherichia coli and Staphylococcus aureus and antifungal activity against Pyricularia oryzae and Rhizoctnia solani. The anti-microbial activity was performed by disc diffusion method [16, 17] at a concentration of 50 mg L -1 . Muller-Hinton agar (Hi-Media) was employed as culture medium and DMSO was used as solvent control for anti-microbial activity. Norfloxacin and Triadimefon were used as standard for antibacterial and antifungal activities, respectively. The inhibition zones were measured in mm at the end of an incubation period of 24 h at 37 °C for bacteria and 72 h at 24 °C for fungi. 
SUPPLEMENTARY MATERIAL
